Between 1990 and 2001, 24 children aged between 15 months and 11 years presented with late orthopaedic sequelae after meningococcal septicaemia. The median time to presentation was 32 months (12 to 119) after the acute phase of the disease. The reasons for referral included angular deformity, limb-length discrepancy, joint contracture and problems with prosthetic fitting. Angular deformity with or without limb-length discrepancy was the most common presentation. Partial growth arrest was the cause of the angular deformity. Multiple growth-plate involvement occurred in 14 children. The lower limbs were affected much more often than the upper. Twenty-three children underwent operations for realignment of the mechanical axis and limb-length equalisation. In 15 patients with angular deformity around the knee the deformity recurred. As a result we recommend performing a realignment procedure with epiphysiodesis of the remaining growth plate when correcting angular deformities.
Between 1990 and 2001, 24 children aged between 15 months and 11 years presented with late orthopaedic sequelae after meningococcal septicaemia. The median time to presentation was 32 months (12 to 119) after the acute phase of the disease. The reasons for referral included angular deformity, limb-length discrepancy, joint contracture and problems with prosthetic fitting. Angular deformity with or without limb-length discrepancy was the most common presentation. Partial growth arrest was the cause of the angular deformity. Multiple growth-plate involvement occurred in 14 children. The lower limbs were affected much more often than the upper. Twenty-three children underwent operations for realignment of the mechanical axis and limb-length equalisation. In 15 patients with angular deformity around the knee the deformity recurred. As a result we recommend performing a realignment procedure with epiphysiodesis of the remaining growth plate when correcting angular deformities.
Meningococcal septicaemia is the most severe form of meningococcal infection of early childhood. It is caused by Neisseria meningitides, a Gram-negative diplococcus found only in man. The organism is transmitted by contact with respiratory secretions. The disease occurs when the organisms penetrate a mucosal surface and are transported in the bloodstream by leucocytes. Infection then localises in organs such as the lungs, joints, meninges, heart, eyes, and adrenal glands. The bacterial endotoxin sets up a complex cascade of events resulting in complement activation, diffuse vasculitis, disseminated intravascular coagulation, shock and multiple-organ damage.
Until recently, the mortality rate from meningococcal septicaemia and shock was between 50% and 60%. Advances in medical management have reduced this to approximately 15% to 20%. 1 Many children now survive the initial phase of shock, only to develop acute and chronic problems secondary to peripheral vascular occlusion. Although the management of acute orthopaedic problems in this group of children has been reported recently 1 there is little guidance in the literature regarding the management of the late orthopaedic sequelae apart from isolated case reports. [2] [3] [4] [5] [6] Our aim in this retrospective study was to review the case histories, analyse the clinical presentation and discuss the management of these sequelae.
Patients and Methods
Between 1990 and 2001, 24 patients with late orthopaedic sequelae after meningococcal septicaemia were treated in six university hospitals in the UK. The definitive diagnosis had been established either by a positive culture of blood, CSF or skin lesion or by counterimmune electrophoresis and latex agglutination tests which detect capsular antigen. There were 13 boys and 11 girls, who were aged between three and 42 months when they developed the acute phase of the disease. The median age at referral for an orthopaedic opinion in the chronic phase of the disease was 53 months (15 to 132). The medical records and radiographs were reviewed retrospectively. Data were collated on to an Excel spreadsheet (Microsoft Corp, Seattle, Washington) and analysed using SPSS statistical software (SPSS, Chicago, Illinois).
Results
Clinical presentation. The median time to presentation of orthopaedic sequelae was 32 months (12 to 119). The main types of presentation were arrest of the growth plate, soft-tissue contractures and problems with fitting of a prosthetic limb (Fig. 1, Table I ). Arrest of the growth plate. A total of 23 patients presented with arrest of the growth plate involving 49 growth plates. Twenty-two had an angular deformity with or without clinically significant shortening secondary to partial arrest. One had shortening alone secondary to complete arrest. The lower limb was involved in all the patients and the upper limb in only three (Fig. 2) . Physes in the long bones were more commonly involved. In 14 patients there was multiple growth-plate involvement ranging from two to five growth plates. Patients with arrest of the growth plate around the knee usually had multiple arrests and presented much earlier than those with involvement of the distal tibial growth plate alone. Arrest of the growth plate around the knee resulted in a varus deformity with or without recurvatum in all patients (Fig. 3) . Arrest around the ankle usually resulted in a varus deformity. Soft-tissue contractures. Six patients presented with joint contractures. In three this involved the digits and a flexion contracture of the knee developed in the fourth. These were secondary to skin and soft-tissue necrosis because of peripheral vascular occlusion. Two patients developed equinocavovarus deformities of the foot and ankle due to Volkmann's ischaemic contracture following compartment syndrome in the acute phase of the illness. These two patients were treated by soft-tissue releases.
Limb-fitting problems. Five patients who had amputations in early childhood presented with problems related to the amputated stump either due to overgrowth of the stump, deformity resulting from partial growth arrest in the remaining limb (Fig. 4) or to soft-tissue contracture of the proximal joint. Two patients who had bilateral below-knee amputations developed varus deformity of both knees because of partial growth arrests of the proximal tibial/ distal femoral growth plates. Two presented with stump overgrowth after previous below-knee amputations. One developed a flexion contracture of the knee in an area of skin necrosis which had been skin grafted after debridement in the acute phase of the disease. Avascular necrosis. Two patients also developed avascular necrosis of the talus without collapse or symptoms. It was noted as an incidental finding.
Other features. All patients who developed late orthopaedic sequelae had meningococcal septicaemia with purpura fulminans and disseminated intravascular coagulation during the acute phase. Five had critical ischaemia of their limbs with absent pulses and underwent a total of nine amputations. Eight lost tissue (digits/toes) secondary to ischaemia in the acute phase. Three underwent fasciotomy for a suspected compartment syndrome. Procedures. Details of the procedures are given in Table II . Realignment operations for angular deformity. In 22 patients, 30 limb segments were realigned; 26 had angular correction alone and four angular correction and lengthening. Realignment was achieved using conventional techniques in 19 limb segments and by the Ilizarov technique in 11.
We were able to identify two groups of patients in these 22 patients. In 16 (22 limb segments) with arrests of the growth plate around the knee, realignment was done either by an osteotomy or by hemicallotasis without an additional epiphysiodesis. Physiolysis was also used unsuccessfully in three limb segments. The deformity recurred in 15 limb segments at a mean of 26 months (18 to 36) later. In the second group of six patients (eight limb segments) who had arrest Anteroposterior radiograph showing both lower limbs of a five-year-old girl who had had meningococcal septicaemia at the age of nine months. She presented at three years of age with a bilateral genu varum deformity and underwent bilateral tibial angular corrections with Ilizarov fixators. This radiograph at the age of 4.5 years shows bilateral recurrence. There is distal femoral arrest on the medial side of the left leg and bilateral proximal medial tibial arrests with deficiency of the medial tibial plateau, and an appearance similar to Blount's disease. Radiograph of the tibial stump of a seven-year-old girl who had meningococcal septicaemia at the age of two years and eight months which resulted in bilateral below-knee amputations. She presented three years later with difficulty with prosthetic fitting on the right side and a varus/ recurvatum deformity of the knee. This image shows anterior growth arrest of the proximal tibial physis. It was corrected with an Ilizarov fixator, combined with a percutaneous epiphysiodesis.
of the distal tibial physis alone, realignment was done either by osteotomy or by hemicallotasis with an epiphysiodesis of the remaining distal tibial growth plate and the distal fibular growth plate. The deformity recurred in only one patient (1 limb segment) in this group. The difference between the groups was statistically significant (p < 0.01; Table III) . Limb-length equalisation operations for shortening. In one patient, who presented with shortening alone because of complete growth arrest of the right distal femoral and proximal tibial growth plates, a lengthening procedure of the tibia using the Ilizarov technique was necessary. This patient will require further limb lengthening in future.
Correction of soft-tissue contractures.
Patients who developed soft-tissue contracture of the digits were referred to a plastic surgeon for further management. Two who developed foot and ankle deformities as a result of Volkmann's ischaemic contracture underwent soft-tissue realignment procedures. Revision amputations. Two patients who had below-knee amputations needed revision to a higher level because of continued problems with bone overgrowth and scarred and unstable skin.
Discussion
Meningococcal septicaemia is a devastating illness which primarily affects children. The incidence of purpura fulminans in these patients is approximately 20% to 25%. 7, 8 The mortality rate in patients who develop purpura fulminans, characterised by shock, multiple-organ failure and large areas of ecchymoses, has been reported to be between 30% and 40%, compared with 5% in those who do not develop purpura. 7 Children who survive the initial acute phase of the disease are at risk of serious complications as a result of endotoxin-induced microvascular injury. Between 50% and 60% of the survivors are reported to have major morbidity such as organ damage, amputations and facial disfigurement. 9 The orthopaedic management in the acute phase of the disease has been reported recently. 1 The incidence of late orthopaedic sequelae remains unknown. Our retrospective study of patients who have already developed late orthopaedic sequelae, cannot identify the incidence of the problem. A longitudinal cohort study of children who have survived an episode of meningococcal septicaemia with follow-up to skeletal maturity would be necessary to identify the true incidence of late orthopaedic sequelae. Previous authors have postulated that the growth abnormalities are due to ischaemia secondary to endotoxininduced microvascular damage to the physis. 2, 10 Others have postulated that they occur mainly under areas of extensive skin necrosis, which could act like a tether and therefore are similar to a type-6 growth plate injury involving only the periphery of the growth plate and the ring of Ranvier. 4 In our study most patients had developed purpura fulminans, shock and disseminated intravascular coagulation during the initial acute episode of the disease. All patients developed areas of skin necrosis in the acute phase, but not necessarily overlying the areas of future damage to the growth plate. Twelve lost at least some portion of a limb ranging from a single fingertip to major loss of one or more limbs and growth disturbance was noted at varying intervals after fulminant infection in infancy. Two patients had asymptomatic avascular necrosis of the talus. As a result we agree with Grogan et al 2 that damage to the growth plate was mainly ischaemic in nature. We feel that patients with meningococcal septicaemia and purpura fulminans are at greater risk of developing late sequelae than patients who do not develop this complication. However, further research in the form of a cohort study of patients with meningococcal infection with and without purpura fulminans would be necessary to confirm this association. The high incidence of multiple arrests of the growth plate in this condition reflects the ischaemic nature of the injury and the high metabolic rate of the growth plate. The fact that the growing ends of long bones were more commonly involved can be similarly explained. The reason why partial growth arrests are more common than complete arrests may be related to the particular blood supply of the growth plate with some areas being better perfused than others.
Although a few case reports have highlighted the occurrence of late orthopaedic sequelae there are few studies in the literature on the management of these sequelae. [2] [3] [4] [5] [6] We therefore reviewed our experience to determine whether any recommendations could be made with regard to the management of late orthopaedic sequelae. In our series angular deformities were realigned using either conventional techniques (closing/opening wedge osteotomy) or by hemicallotasis using a circular external fixator. Epiphysiodesis of the remaining growth plate was added in all patients with distal tibial deformities. This was successful in seven of eight distal tibial deformities. Physiolysis was used unsuccessfully in three patients with deformities around the knee. This was possibly related to the more diffuse involvement of the growth plate in this condition. In our study there was a higher incidence of recurrence after realignment of deformities around the knee (proximal tibia/distal femur) than around the distal tibia. This could be related to two factors. First, epiphysiodesis of the remaining growth plate was undertaken as part of the realignment procedure in all the distal tibial deformities and not for the correction of deformities around the knee. Secondly, subsequent involvement of the adjacent growth plate (distal femur/proximal tibia) was not recognised initially. Following this review, we recommend that when correcting an angular deformity secondary to meningococcal septicaemia the growth plate should be ablated as part of the procedure. This can be done as a percutaneous epiphysiodesis at the time of application of the fixator. In the distal tibia correction of angular deformities can be achieved by a transphyseal osteotomy, 11 which will simultaneously correct the deformity and achieve physeal closure. Any subsequent shortening can be treated by lengthening if indicated.
In conclusion, children with meningococcal septicaemia and purpura fulminans are at risk of developing late orthopaedic sequelae. They should be followed up to skeletal maturity and the sequelae detected and treated as early as possible. The most common presentation is an angular deformity with or without shortening in the lower limb secondary to a partial arrest of the growth plate. Multiple growth-plate involvement may occur especially in the lower limb and present sequentially. A multidisciplinary team including an orthopaedic surgeon, plastic surgeon, rehabilitation consultant, physiotherapist, occupational therapist and nurse will be needed to tackle the various problems which present in these children. Children and parents must be counselled that multiple operative procedures may be necessary. A realignment procedure with epiphysiodesis of the remaining growth plate is recommended when correcting angular deformities to avoid recurrence.
